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© A surgical clip applier (10) comprising a housing 
(12, 14), a pair of handles (22) pivotally connected to 
opposite sides of the housing, and a jaw blade 
assembly (17) fixedly connected to the housing. The 
jaw blade assembly includes a pair of jaws (34) for 
receiving and deforming a clip (42) therebetween 
and a clip carrier (40) for supplying a series of clips 
to the jaws. A channel assembly (16) is slidably 
mounted with respect to the housing and envelops 
the jaw blade assembly for camming the jaws closed 



upon closing of the handles. The clips may be fed to 
the jaws by a spring biased feed bar (18) which 
operates upon closing of the handles, or may be 
urged by pusher bar (90) which provides a biasing 
force to the clips to be retained by the jaws. The 
instrument may be used in conventional surgical 
procedures, or may be adapted for endoscopic and 
laparoscopic surgical procedures requiring the ap- 
plication of microsurgical clips. 




FIG. I 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This application relates to an instrument for 
applying to surgical clip to body tissue, and more 
particularly to instruments for applying a surgical 
clip for anastomoses of a blood vessel in conven- 
tional surgical procedures and endoscopic or 
laparoscopic surgical procedures. 

2. Discussion of the Prior Art 

The term "anastomosis" covers a variety of 
procedures in which blood vessels such as veins 
and arteries, or other tubular members, such as 
parts of the colon, intestines, stomach, etc., are 
joined or reconnected. These vessels may be 
joined in a variety of relative orientations, including 
end-to-end and end-to-side. Solid tubular structures 
such as peripheral nerves can also be joined to- 
gether, as well as solid structures such as subcuta- 
neous tissue and skin. 

The recent advances made in the field of 
microsurgery has led to the development of alter- 
natives to conventional suturing processes of join- 
ing vessels in order to accommodate the minute 
size of the vessels, nerves and tissues being joined 
during microsurgical procedures. These alterna- 
tives have also been developed with an eye to- 
wards preventing thrombosis which tends to occur 
at the points of penetration of the needle and 
sutures. An alternative to suturing is the use of 
surgical clips which are applied along the vessel 
juncture to perform a holding function similar to 
that of sutures, but without penetrating the vessel 
walls. Two such non-penetrating clips are shown in 
U.S. Pat Nos. 4,586,503 and 4,733,664 to Kirsch et 
al. The former patent discloses a surgical microclip 
formed of plastically deformable metal or plastic 
material having minimal spring-back when crimped. 
The clip has a pair of parallel curved legs joined by 
a bridge at one end and terminating in rounded tips 
at the other end. The clip grips the edges of 
adjacent and everted tissue by crimping the legs 
together. The latter patent discloses a vascular 
surgical clip comprising a plastically deformable 
body portion, a tang for deforming the body, and a 
neck connecting the tang to the body, wherein the 
neck is designed to break upon application of a 
predetermined excessive tensile force to the tang, 
and the body is designed to deform upon applica- 
tion to the tang of less than the predetermined 
tensile force. 

As described in the above patents, the non- 
penetrating clips are applied over opposed edges 
of the vessels, the edges first being everted, or 
turned outward, to form flanges that are gripped 



between the jaws of the clips. Eversion not only 
enables the clip jaws to better grip the vessels, but 
also insures that only the interior surfaces of the 
vessels are in contact. 

5 Vascular microsurgical clips are typically ap- 

plied with a small hand-held tool that enables the 
surgeon to precisely place the clip over the tissue 
edges, and then to close the clip, as by applying a 
squeezing pressure to the tool. One example of a 

10 prior art clip applier for use in vascular microsur- 
gery is disclosed in both U.S. Patent Nos. 
4,733,664 and 4,929,240 to Kirsch et al. These 
patents disclose a tool for applying a surgical clip, 
the tool including means for gripping and applying 

75 tension to the tang of the clip while also having 
means for simultaneously pushing against shoul- 
ders on the clip body. The tool disclosed in these 
patents requires that a clip be reloaded into the clip 
applier after each clip is fired, which is disadvanta- 

20 geous in that the vessels being repaired need to be 
returned to their intended function as quickly as 
possible, particularly blood vessels. Furthermore, 
the devices disclosed in these patents and in the 
prior art generally require relatively large incisions 

25 for the surgeon to access the vessel to be repaired. 

The development of laparoscopic and en- 
doscopic surgical procedures and the success of 
these procedures has led to the need for microsur- 
gical tools such as vascular clip appliers which can 

30 be utilized without requiring large incisions. Vascu- 
lar clip appliers which apply microclips by acces- 
sing the surgical site through trocar cannulas would 
greatly benefit the patient through significantly re- 
duced recovery time. 

35 The need therefore exists for an instrument for 

applying such a surgical clip which can be utilized 
for vascular anastomosis, particularly during en- 
doscopic and laparoscopic surgical procedures. 
One specific need is for an instrument that can 

40 hold a plurality of clips and automatically feed and 
apply the clips individually to the vessel. It would 
also be desirable for the instrument to include an 
elongated body portion which may be placed down 
a trocar cannula to access the surgical site in an 

45 endoscopic or laparoscopic surgical procedure. 
The instrument needs to be simple to manufacture, 
easy to manipulate and which applies the clips with 
consistent accuracy so as to provide a secure 
joining of vessels and tissue. Since the instrument 

so is intended to apply clips during vascular an- 
astomosis it would be desirable to configure it 
similarly to other vascular surgical devices, i.e. 
tweezers or pincer-like implements, which are held 
between the thumb and forefinger of the user. 

55 
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SUMMARY OF THE INVENTION 

The present application discloses an instru- 
ment for applying a surgical clip to a blood vessel 
during a microsurgical anastomosis procedure. The 
clip applier is designed for storage of multiple 
clips, and individual, automatic feed of the clips 
into the jaws of the instrument. Further, the applier 
is designed to be similar in design to other instru- 
ments used during vascular surgical procedures, 
i.e. to be like a tweezer or other pincer-like imple- 
ment at the handle end, while also including an 
endoscopic portion to enable the instrument to be 
placed through a trocar cannula to access an inter- 
nal surgical site during an endoscopic or 
laparoscopic surgical procedure. 

The present device provides a surgical clip 
applier which is constructed with a pair of jaws for 
receiving and deforming a clip therebetween, a clip 
holding means having a series of clips for delivery 
to the jaws, a feed bar having a nose at a distal 
end and means for sequentially moving the feed 
bar from an initial distal-most position with the nose 
behind a clip positioned between the jaws to a 
proximal-most position behind a foremost clip of 
the clip series. A pusher bar moves the series of 
clips distally. Alternately, the series of clips may be 
arranged for a sequential feed to the jaws under 
spring biasing, so that the feed bar may be elimi- 
nated. 

The means for sequentially moving the feed 
bar includes a pair of handles which are connected 
to the feed bar and which are movable between an 
open position corresponding to the distal-most po- 
sition of the nose and a closed position corre- 
sponding to the proximal-most position of the nose. 
The handles also effect the closing of the jaws to 
crimp the clip positioned in the jaws, by advancing 
a channel assembly during closing of the handles 
which cams the jaws shut. The handles are oppo- 
sitely and pivotally connected at the proximal end 
of the housing and are actuated at their distal ends, 
thereby improving the tactility and visibility of the 
working end of applier, as well as the stability of 
the instrument. 

The jaws are part of a jaw blade assembly 
which is fixedly connected to the housing. The 
channel assembly is slidably mounted with respect 
to the housing to envelop the jaw blade assembly 
with the feed bar slidably mounted in the channel 
assembly in overlying relation to the clip holding 
means. A spring is provided in the housing for 
biasing the feed bar in a distal direction and for 
biasing the channel assembly in a proximal direc- 
tion such that the handles are also biased into an 
opened position. A clip retainer is provided to pre- 
vent movement of the clips by holding the clips 
against movement of a pusher bar which moves 



the series of dips positioned on the clip holding 
means, until the feed bar moves proximally and 
biases the clip retainer away from the series of 
clips so that the pusher bar may move the series 
5 distally as the feed bar slides the next clip between 
the jaws. 

In operation, the applier initially has a clip 
positioned between the jaws. Thus, a surgeon 
places the jaws of the applier about the everted 

io end of the vessels and then squeezes the handles 
together. In response to closing of the handles the 
channel assembly is moved in a distal direction 
thereby closing the jaws to crimp the clip. At the 
same time, the feed bar is moved in a proximal 

75 direction to a position behind the foremost clip in 
the clip holding means. Once the handles are re- 
leased, the jaws open to release the crimped clip, 
and the feed bar moves in the distal direction to 
push the foremost clip in the series to a position 

20 between the jaws. The applier is then ready for 
application of the next clip. 

In another embodiment, the clip applier in- 
cludes a rotation knob for rotating the channel, jaw 
blade assembly, clip cover and a feed mechanism 

25 which is independent of the handle. This clip ap- 
plier also includes a window for viewing a clip 
indicator which displays approximately how many 
clips remain in the device. Further, the tip of the 
jaws are angled approximately 30 degrees for bet- 

30 ter visibility during application of the clip. In this 
embodiment, a spring biased pusher bar is located 
behind the series of clips and urges the series 
forward in the distal direction towards the jaws. The 
jaws include a raised stop portion having an ar- 

35 cuate clip receiving groove which arrests forward or 
distal movement of the clips and accurately posi- 
tions the next clip in the jaws for crimping. Alter the 
handles are closed to crimp the clip in the jaws, 
and then are opened to release the crimped clip, 

40 the pusher bar urges the series distally to place the 
next clip in between the jaws. 

In yet another embodiment, the clip applier 
includes an elongated portion for insertion through 
a trocar to perform endoscopic and laparoscopic 

45 procedures. A seal may also be provided to pre- 
vent inadvertent leakage of the insufflation gas uti- 
lized in such procedures. The seal may comprise 
an O-ring or similar type seal to prevent leakage 
through the instrument itself. The instrument per- 

50 mits the application of microclips in endoscopic 
procedures to repair vessels without large inci- 
sions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

The present application will be more fully ap- 
preciated as the same becomes better understood 
from the following detailed description of the 
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present invention when considered in connection 
with the following drawings in which: 

Fig. 1 illustrates a perspective view of a first 

embodiment of the instrument; 

Fig. 2 illustrates an exploded perspective view 

of the instrument; 

Fig. 3 illustrates a top view of the handle of the 
instrument taken along lines 3-3 of Fig. 1 ; 
Fig. 4 shows a bottom view in partial cross- 
section of the distal portion of the instrument; 
Fig. 5 shows a detailed top view of a unformed 
clip loaded in the jaws of the instrument; 
Fig. 6 shows a detailed top view of a clip being 
formed in the jaws of the instrument; 
Fig. 7 shows an enlarged top view of the jaw 
blade assembly of the instrument; 
Fig. 8 shows an enlarged perspective view of 
the clip cover of the instrument; 
Fig. 9 shows an enlarged perspective view of 
the jaw blade assembly and clip retainer of the 
instrument; 

Fig. 10 shows an enlarged perspective view of 
the pusher bar of the instrument; 
Fig. 11 shows an enlarged perspective view of 
the feed bar of the instrument; 
Fig. 12 shows a side view of the distal end of 
the instrument illustrating an unformed clip posi- 
tioned in the jaws of the instrument; 
Fig. 13 shows a side view of the distal end of 
the instrument illustrating the position of the clip 
retainer and feed bar alter the clip has been 
formed in the jaws; 

Fig. 14 shows an enlarged perspective view of a 
clip for use with the instrument; 
Fig. 15 shows an enlarged top view of the clip of 
Fig. 14; 

Fig. 16 is a perspective view of another embodi- 
ment of the instrument; 

Fig. 17 is an exploded perspective view of the 
instrument of Fig. 16; 

Fig. 18 is an enlarged perspective view of the 

jaw blade assembly of Fig. 17; 

Fig. 19 is an enlarged perspective view of the 

clip cover assembly of Fig. 17; 

Fig. 19a is a perspective view of the indicator for 

showing the number of clips remaining in the 

clip series; 

Fig. 19b is a side cross-section of the indicator 

in position in the clip cover of Fig. 19; 

Fig. 20 is an enlarged bottom view of the clip 

cover assembly of Fig. 19; 

Fig. 21 is an enlarged perspective view of the 

wedge of Fig. 17; 

Fig. 22 is an enlarged perspective view of the 
knob of Fig. 17; 

Fig. 22a is an enlarged, exploded perspective of 
the keyway connection between the knob of Fig. 
22 and the channel assembly 126 and jaw as- 



sembly 114 of Fig. 17; 

Fig. 23 is an enlarged, partial top view of the 
distal end of the jaw blade assembly of Fig. 18; 
Fig. 24 shows a detailed top view of an un- 
5 formed clip loaded in the jaws of the instrument 
of Fig. 17; 

Fig. 25 shows a detailed top view of a clip 
loaded and formed in the jaws of the instrument 
of Fig. 17; 

10 Fig. 26 illustrates a perspective view of another 
embodiment of the instrument particularly useful 
for endoscopic procedures; 
Fig. 27 illustrates an exploded perspective view 
of the instrument of Fig. 26; 

75 Fig. 28 illustrates a perspective view of the 
instrument during an endoscopic surgical proce- 
dure in which the instrument is placed through 
the body wall through the provision of a trocar 
cannula; 

20 Fig. 29 illustrates a top plan view in partial 
cross-section illustrating the operating mecha- 
nism of the instrument prior to crimping a clip 
positioned in the jaw assembly; and 
Fig. 30 is a view similar to Fig. 29 illustrating the 

25 operating mechanism of the instrument as a clip 
is being crimped in the jaw assembly and ap- 
plied to the vessel. 

DETAILED DESCRIPTION OF THE PREFERRED 
30 EMBODIMENT 

Referring now to drawings, in which like refer- 
ence numerals identify similar or identical elements 
throughout the several views, and referring in par- 

35 ticular to Figs. 1 and 2, the surgical clip applier 10 
of the present invention includes a bottom housing 
12, a top housing 14, a jaw blade assembly 17 
having a pair of jaws, a channel assembly 16 
slidably mounted with respect to housings 12, 14, a 

40 clip cover 50 and a feed bar 18 slidably mounted 
in the channel assembly 16. A pair of handles 22 
are provided for actuating the clip applier and are 
pivotably secured to housings 12 and 14 as de- 
scribed below. 

45 Bottom and top housings 12, 14 are secured 

together by pivot pin 24 and screws 34. The hous- 
ings 12, 14 are of slender construction and are 
made of any suitable material, for example, plastic 
material. As seen in Fig. 2, the inner surface 13 of 

so the bottom housing 12 is contoured and recessed 
so as to receive various components of the applier 
as further explained below. The inner surface 1 5 of 
top housing 14 is contoured for similar purposes. 
The pivot pin 24 extends through the proximal end 

55 of the housings 12, 14 and the proximal end of 
handles 22, as best seen in Fig. 3, to pivotally 
connect the handles 22 between the inner surfaces 
of the housings 12, 14 which are spaced apart to 
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form a recess for receiving the handles 22. Spac- 
ers 11 are positioned in the housings 12, 14 to help 
maintain the recess between the housings 12, 14. 

As shown in Fig. 1 , the handles 22 are actuable 
at their distal ends 23, i.e. the end closest to the 
surgical site. This provides increased visibility, tac- 
tility and stability and enables the handles 22 to be 
held in a tweezer or pincer-like manner. 

Turning now to the jaw blade assembly 17 for 
forming the clip and with reference to Figs. 2, 7 
and 9, jaw blade assembly 17 includes an elon- 
gated jaw blade 36 which has a pair of jaws 38 
formed at a bifurcated distal end for receiving a 
surgical clip therein. Each jaw 38 is provided with a 
small slot or groove in a side wall so as to receive 
therein a leg of the substantially C-shaped surgical 
clip 42 shown in Figs. 14 and 15. Each jaw 38 also 
includes raised portions 39 which act as a stop for 
the clip cover 50 mounted thereon. The jaw blade 
36 has a pair of camming surfaces 41 for engage- 
ment by channel assembly 16 to close the jaw in a 
manner described below. 

The jaw blade assembly 17 also includes along 
its elongated portion a clip carrier portion 40 upon 
which a series of clips 42 are positioned. In this 
embodiment the clip carrier portion 40 is integral 
with the jaw blade assembly 17, although multiple 
elements could be used to achieve the same re- 
sult. 

The proximal, or rear, end of the jaw blade 
assembly 17 includes a plate 44 having a pair of 
oppositely positioned openings 46 for receiving the 
screws 34 which retain the jaw blade assembly 17 
within the housings 12, 14. A tail 48 is formed in 
the proximal-most end of the jaw blade assembly 
17 for providing additional support for the pusher 
bar 90. 

A clip retainer 51 is mounted under the distal 
end of jaw blade assembly 17. With reference to 
Figs. 9, 12 and 13, the distal end of the clip 
retainer 51 has a pair of oppositely positioned side 
walls 52 and 54 and a raised distal end wall 56. 
The clip retainer 51 prevents movement in the 
distal direction of the stack of clips 42 and is 
movable from a position preventing movement of 
stack of clips 42, as shown in Fig. 12, to a position 
in which the stack of clips 42 are able to advance 
distatly, as shown in Fig. 13. 

As shown in Figs. 2 and 11-13, the feed bar 18 
is elongated and has a depending nose 84 at its 
distal end. Nose 84 moves clip retainer 51 into the 
position shown in Fig. 13 by engagement of the 
walls 52 and 54 when the feed bar 1 8 has moved 
behind a second clip 43 in the series of clips 42, 
but the first clip 42_ is still in the jaws 38 of the 
jaw assembly. 

As indicated, the distal end of the feed bar 18 
is angled slightly downwardly with the tip bent up. 



191 A2 8 



Feed bar 18 functions to feed the distalmost clip in 
the series of clips to the jaws and is slidably 
positioned within channel 64 between rails 66 (see 
Fig. 8) of the clip cover 50. Feed bar 18 further 

5 includes a pair of triangular projections 86 having 
cam surfaces 87 which cam the feed bar 18 in the 
proximal direction when the handles 22 are closed, 
and a proximal abutment 88 for receiving spring 32 
as mentioned below. 

10 Clip cover 50, shown in Figs. 2 and 8, is 

elongated and similar in shape to the jaw blade 
assembly 17 and includes a tissue stop 70. The 
tissue stop 70 extends distally over the jaw blade 
36. This tissue stop 70 has a bifurcated distal end 

75 which overlies and serves as a guide to prevent 

tissue from impeding movement of the clip 42 

into the jaws 38. The tissue stop 70 has a rounded 
cut out 53, a slot 60 and a pair of rounded ends 62 
at its distal end. Slot 60 is provided for enabling 

20 nose 84 of feed bar 18 to access the series of clips 
42 to feed clips to the jaws 38. The pair of side 
walls or rails 66 provide a guide channel 64 for the 
feed bar 18. The bottom surface 69 of the clip 
cover 50 is positioned atop jaw blade assembly 17 

25 and includes a pair of downwardly extending side 
walls or rails 67 between which the series of clips 
42 and the pusher bar 90 (see Figs. 2 and 10) are 
provided. 

Referring again to Figs. 1 and 2, the channel 

30 assembly 16, which as mentioned above functions 
to cam jaws 38 closed, defines an elongated chan- 
nel shaped member for enveloping the jaw blade 
assembly 17 and includes a pair of upstanding 
walls 72, a top wall 74 and a bottom wall 76. The 

35 top wall 74 and bottom wall 76 include a cutout 78 
at their distal ends, and at the proximal end top 
wall 74 includes recess 80 which is formed be- 
tween projections 82. The projections 82 form a 
female dovetail connector which engages a male 

40 dovetail connector 83 of the forming cam 30 and 
thereby causes movement of the channel assembly 
16 upon movement of the forming cam 30, as will 
be described below. 

With reference to Figs. 2 and 10, elongated 

45 pusher bar 90 has oppositely positioned projections 
92 and a rounded member 94 extending from its 
distal end corresponding in shape to the bridge 
portion of the clips, for engaging and pushing the 
last and most proximal clip 42" (see Fig. 4) in the 

so series of clips 42 on the clip carrier portion 40. The 
projections 92 engage the grooves 208 and the 
rounded member 94 engages the bridge portion 
206 of the last clip 42". The proximal end of the 
pusher bar 90 includes a slot 96 for receiving a 

55 spring guide block 98. A coil spring 302 fits within 
the molded contours of bottom housing 12, and a 
channel 308 of spring 302 is engaged by the pin 
310 which extends through an aperture 311 in the 
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bottom housing 12 to hold the end of spring 302 in 
place as coiled portion 304 rolls in the distal direc- 
tion, urging guide block 98 against pusher bar 90. 
This gently urges the series of clips 42 in the distal 
direction to continue the feeding, loading and clip- 
ping process. The feed spring 302 roils along the 
top of its elongated portion 306 as the pusher bar 
90 advances the clips 42. 

As shown in Figs. 14 and 15, a surgical clip 
designed for application by the clip applier 10 is 
formed of a unitary piece of biologically accept- 
able, plastically deformable material such as a no- 
ble metal (i.e. gold, silver, platinum, titanium etc.). 
While metal clips are presently preferred, it is 
contemplated that the othemped there is minimal 
spring-back. The clip is designed to apply contact 
force to the tissue regardless of tissue thickness 
without penetration. 

The clip 42 includes a pair of inwardly curved 
arms 202 and 204 interconnected by a bridge 
portion 206, the two arms extending generally per- 
pendicular to the bridge portion 206. The arms 
terminate at tips 210 and 212 which are rounded to 
prevent injury to the subject tissue. As described 
above, the bridge portion 206 includes a pair of 
grooves 208 for engagement by the pusher bar 90 
of the clip applier 10 described above and for 
advancing the clips down the clip carrier 40 in the 
applier. The clip is sized according to the particular 
end use, but is generally of a size suitable for 
microsurgical applications, in both non-endoscopic 
and endoscopic procedures. 

Turning now to the operation of the instrument, 
and referring to Figs. 1 , 2 and 3, each handle 22 is 
articulated to the housings 12 and 14, and is op- 
erable to effect movement of the channel assembly 
16, the feed bar 18, and ultimately the series of 
clips 42 and the pusher bar 90 in the following 
manner. Handles 22 are pivotally connected to the 
housings 12, 14, by pivot pin 24 and extend from 
the housing on opposite sides as shown. The distal 
ends of handles 22 are secured by pins 26 which 
ride along cam slots 28 of forming cam 30. The 
forming cam 30 is connected at its distal end 
through the dovetail connection 82, 83 to the chan- 
nel assembly 16, as is discussed in detail above, 
and near its proximal end post 29 is connected to a 
spring 32. The other end of the spring is attached 
to the proximal end of the feed bar 18 at abutment 
88 and biases feed bar 18 in a distal direction. 
Thus, the spring 32 biases the channel assembly 
16 and the forming cam 30 in a proximal direction, 
such that the handles 22 are biased to an open 
position, while at the same time biasing feed bar 
18 in a distal direction. 

Since each handle is connected in a similar 
fashion, only the connection of one of the handles 
will be discussed. As indicated in Figs. 2 and 3, the 



channel assembly 16 is mounted at the distal end 
of forming cam 30 at dovetail connection 82, 83 
while the feed bar 18 is attached at abutment 88 
through spring 32 to the post 29 at proximal end of 

5 forming cam 30. Thus, referring to Fig. 3, when 
handles 22 close together, the pins 26 move along 
slots 28 of forming cam 30 to distally advance the 
forming cam 30 which correspondingly advances 
the channel assembly 16 against the biasing of 

10 spring 32. As seen in phantom in Fig. 3, feed bar 
18 underlies forming cam 30 and is positioned 
such that cam surfaces 87 abut pins 26 as shown. 
As handles 22 are closed, pins 26 also ride over 
cam surfaces 87, thus moving feed bar 18 in a 

15 proximal direction and further extending spring 32, 
which is concurrently being pulled in the distal 
direction by forming cam 30. Alter the channel 
assembly 16 advances a slight distance distally, 
e.g. approximately .020 inch, the nose 84 of the 

20 feed bar 18 moves proximally to a position behind 
the next clip 43 in the clip carrier 40, as seen in 
Fig. 13. 

In use, the clip applier 10 is provided with a 
clip 42_ already in the jaws 38 of the jaw blade 

25 assembly 17, and feed bar 18 is in the position 
shown in Figs. 4 and 5 to hold clip 42 in place as it 
is fit over a vessel. To apply the clip, the handles 
22 are first squeezed together overcoming the bias 
of spring 32 and causing the channel assembly 16 

30 and forming cam 30 to move forwardly (or distally), 
while at the same time, the feed bar 18 moves 
rearwardly (or proximally) as pins 26 engage cam 
surfaces 87, into a position to feed the second clip 
43 from the series of clips 42 on clip carrier 40 as 

35 described above. As the channel assembly 16 
moves forwardly and over jaws 38 of the jaw blade 
assembly 17, the jaws 38 are cammed closed to 
form the clip 42_ therein, as seen in Fig. 6. As the 
jaws 38 close and feed bar 18 moves proximally, 

40 the nose 84 of the feed bar 18 moves behind the 
second clip 43, as seen in Fig. 6, and the first clip 
42__ is fully formed in the jaws 38. The clip re- 
tainer 51, as seen in Figs. 12 and 13, then is 
biased downwardly by engagement with the nose 

45 84 of feed bar 18. 

As the handles are released, handles 22 auto- 
matically open under the influence of spring 32, 
which pulls forming cam 30 proximally and pushes 
feed bar 18 distally causing pins 26 to ride in slots 

so 28 to open handles 22. The clip retainer 51 contin- 
ues to be biased downwardly, and the feed cam 18 
moves forward and advances the neat clip 43 to 
the jaws 36, due to pins 26 riding over cam sur- 
faces 87 as spring 32 biases feed bar 18 in the 

55 distal direction. Furthermore, as pins 26 ride in 
slots 28 of forming cam 30, cam 30 moves proxi- 
mally under the influence of spring 32, drawing 
channel assembly 16 with it. The downward biasing 
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of the clip retainer 51 also permits the stack of 
clips 42, which are normally biased in a forward 
direction by spring 302. to advance forward and 
move distally, to position the next distalmost clip in 
position for loading alter the crimping of clip 43. 

Referring now to Fig. 16, the surgical clip ap- 
plier 100 of an alternative embodiment of the 
present applier includes a bottom housing 102, a 
top housing 104, a jaw blade assembly 114 having 
a pair of jaws 118, and a channel assembly 126 
slidably mounted with respect to housings 102, 
104. A pair of handles are provided for actuating 
the clip applier and are pivotably secured to hous- 
ings 102 and 104. 

The bottom and top housings 102, 104 are 
press fit and held together by the engagement of 
pin 109 with the pin receiver 119 and by the 
engagement of pins 121 with holes 129, but alter- 
natively may be welded or joined by other suitable 
means. The housings 102, 104 are of slender con- 
struction are made of any suitable material, for 
example, plastic material. As indicated, the inner 
surface 106 of the bottom housing 102 is con- 
toured and recessed so as to receive various com- 
ponents of the applier as further explained below. 
The inner surface 106 of top housing 104 is con- 
toured for similar purposes. The pivot pin 109 
extends from the proximal end of the housing 104 
to pivotally connect the handles 101, 103 between 
the inner surfaces of the housings 102, 104, which 
are spaced apart to form a recess for receiving the 
handles 101, 103. The housing 104 also includes a 
window 111 through which the knob 138 extends 
as seen in Fig. 16. 

The handles 101, 103 are actuable at their 
distal ends 105, i.e. the end closest to the surgical 
site. This provides increased visibility, tactility and 
stability and enables the handles 101, 103 to be 
held in a tweezer or pincer-like manner. The han- 
dles 101, 103 are biased outwardly by a spring 107 
which fits in slots 107a of each handle member and 
is retained by the spring post 131 formed on the 
inner surface 106 of the bottom housing 102. 

Turning now to the jaw blade assembly 114 for 
forming the clip 42 and with reference to Figs. 17, 
18, and 23 jaw blade assembly 114 includes an 
elongated jaw blade 116 which has a pair of jaws 
118 formed at a bifurcated distal end for receiving 
a surgical clip therein. Each jaw 118 receives a leg 
of the substantially C-shaped surgical clip 42 from 
the series of clips 158. Each jaw 118 also includes 
raised portions 120 which act in a manner similar 
to raised portions 39 as described above, as a stop 
for the clip 42 to enhance formation thereof. The 
raised portions 120 include an arcuate portion 135 
which conforms in shape to the leg of the clip 42, 
as seen in Figs. 24 and 25. Arcuate portion 135 
arrests forward or distal movement of the distal- 



most clip 42 as series of clips 158 is urged distaiiy 
by spring 148. The jaw blade 116 has a pair of 
camming surfaces 124 which are engaged by 
channel assembly 126 to close the jaw 118 in a 

5 manner described below. The jaws 118 are bent at 
an angle of approximately 30 degrees to enhance 
visibility of the structure to which the clip 42 is 
being applied. Another feature of the jaws 118 is 
that they are flexible and deformable and prefer- 

w ably formed of stainless steel. 

The jaw blade assembly 114 also includes 
along its elongated portion a clip carrier portion 
128 upon which series of clips 158 are positioned. 
Clips 158 are retained in the side walls 170 of the 

75 clip cover 122, shown in Figs. 19 and 20. In this 
embodiment the clip carrier portion 128 is integral 
with the jaw blade assembly 114, although multiple 
elements could be used to achieve the same re- 
sult. Jaw assembly 114 also is provided with 

20 keyway slot 250 whose purpose will be described 
below. 

Clip cover 122, shown in Figs. 17, 19 and 20 is 
elongated and similar in shape to the jaw blade 
assembly 114 and includes a tissue stop 160. The 

25 tissue stop 160 extends distally over the jaws 118, 
and has a bifurcated distal end which overlies and 
serves as a guide to prevent tissue from moving 
the clip 42 proximally and out of raised portions 
120. The tissue stop 160 has a rounded cut out 

30 162, and a pair of rounded ends 166 at its distal 
end. The bottom surface 168 of the clip cover 122 
is positioned atop jaw blade assembly 114 and 
includes a pair of downwardly extending side walls 
or rails 170 between which the series of clips 158 

35 are retained and the pusher bar 134 and indicator 
136 are provided. Indicator 136 is shown in detail 
in Fig. 19a and its position within clip cover 122 is 
shown in Fig. 19b. The distal end of the clip cover 
122 includes a pair of downwardly extending key 

40 portions 145 which engage cut outs 147 in the jaw 
blade assembly 114. 

Referring to Figs. 16 and 17, the channel as- 
sembly 126, which as mentioned above functions 
to cam jaws 118 closed, is U-shaped and includes 

45 a reduced height portion 172 at its proximal end for 
engagement with the rotation knob 138 at keyway 
slot 251a as will be described below. Channel 126 
also has at its proximal end a transverse slot 164 
for engaging a link 144 as will be described below. 

50 The channel 126 envelops the jaw blade assembly 
114 and includes a pair of upstanding walls 174, 
176 and a bottom wall 175. The side walls 174, 176 
each include an inturned flange 178, 180, respec- 
tively, at its top side, formed therein for engage- 

55 ment around the top surface of clip cover 122. 
Inturned flanges 178 and 180 serve to lock the 
assembly together, which includes cover 122, se- 
ries of clips 158, pusher bar 134, indicator 136, jaw 
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assembly 118 and rod 142. The reduced height 
portion 172 of the channel assembly 126 includes 
slot 164, and reduced height portion 172 extends 
through a passageway 184 in the knob 138 and 
matingly engages corresponding annular flange 
186 formed in the link 144 to permit rotational 
movement of the entire assembly by knob 138. 

Referring to Fig. 22a, there is shown the 
key way connection between knob 138 within pas- 
sageway 184 with channel assembly 126 and jaw 
assembly 114. Jaw assembly 114 is provided with 
a keyway slot 250 which matingly engages keyway 
post 185a in a secure manner. Keyway post 185a 
passes through slot 251a in channel assembly 126 
so that the channel assembly may slide in re- 
sponse to movement of the handles. Keyway slot 
250 locks jaw assembly 114 against longitudinal 
movement, but permits rotational movement due to 
knob 138. Channel assembly 126 is permitted to 
slide over post 185a and through knob 138 to 
crimp a clip in jaws 118 as described below, due to 
the provision of slot 251a. As can be appreciated, 
slot 251a is longer and wider than slot 250, and 
post 185a as well. 

Elongated pusher bar 134 has a plurality of 
transversely extending grooves 135 in its distal end 
to provide flexibility as it advances up the approxi- 
mately 30 degree incline of the jaws 118 to feed 
the last few clips to the jaws. Otherwise the pusher 
bar 134 is similar to pusher bar 90 as is shown in 
Fig. 10 for engaging and pushing the last and most 
proximal clip of series 158 on the clip carrier 128. 
A coil spring 148 fits within the molded contours of 
bottom housing 102 and cooperates with the spring 
guide block 146 to bias and advance rod 142, 
which in turn advances indicator 136 and pusher 
bar 134 distally, thereby advancing series of clips 
158. 

Link 144 is provided and facilitates both rota- 
tional movement and longitudinal movement. Link 
144 translates longitudinal actuation of the forming 
cam 154 into movement of the channel 126. An 
annular flange 186 in the link 144 engages slot 164 
in the channel assembly 126 to longitudinally ac- 
tuate the channel 126 in response to movement of 
the handles. It should be noted that while the 
flange 186 and slot 164 engagement permits 
movement of the channel assembly 126 along its 
longitudinal axis, the slot 164 is also free to rotate 
about the annular flange 186 in response to rotation 
of the knob 138, thus rotating the entire assembly. 
A rod 142 extends, and moves longitudinally 
through the link 144, but is not actuated by the link. 
The proximal end of the rod 142 engages the 
spring guide block 146 to translate the bias or 
tension of the spring 148 to the pusher bar 134 by 
its abutment at its distal end to the clip indicator 
136 as shown in Figs. 19a and 19b, and hence 



pusher bar 134. Forming cam 154 is secured to 
link 144 by arms 155, which fit about link 144 and 
into cutouts 196, as described below. 

Referring now to Figs. 17 and 22, the knob 138 

5 retains the proximal ends of and rotates the entire 
distal assembly including the jaw blade assembly 
114, the series of clips 158, the clip indicator 136, 
the pusher bar 134, the channel 126 and the clip 
cover 122. The knob 138 receives a wedge 150 as 

70 shown in Fig. 21 which provides a friction fit of the 
jaw blade assembly 114 and clip cover 122 within 
the knob 138, thereby enabling their rotation in 
response to rotation of the knob 138 but permitting 
longitudinal movement of pusher bar 134 and chan- 

75 nel 126. 

Turning now to the operation of the device 100, 
each handle 101, 103 is articulated to the housings 
102 and 104 and is operable to effect movement of 
the channel assembly 126. Handles 101, 103 are 

20 pivotally connected to opposite sides of the hous- 
ings 102, 104 and engage pins 108 which ride 
along cam slots 156 of forming cam 154. The 
forming cam 154 is connected by a pair of arms 
155 at its distal end to the cutouts 196 of the link 

25 144. As indicated in Fig. 17, the channel assembly 
126 is mounted at slot 164 to the distal end of link 
144 at flange 186 while the proximal end of link 
144 is attached at cutouts 196 to the distal end of 
forming cam 154 at arms 155. Thus, when handles 

30 101, 103 close together against the biasing of 
spring 107, the pins 108 move along slots 156 of 
forming cam 154 to distally advance the forming 
cam 154 which correspondingly advances link 144 
and the channel assembly 126. Channel assembly 

35 126 engages jaws 118 of jaw assembly 114 at 
camming surfaces 124 to close the jaws. 

In use, the clip applier 100 is provided with a 
clip 42 already in the jaws 118 of the jaw blade 
assembly 114. To apply the clip 42, the handles 

40 101, 103 are first squeezed together overcoming 
the bias of spring 107 and causing the channel 
assembly 126 to move distally as described above 
and over jaws 1 1 8 of the jaw blade assembly 1 1 4. 
As best shown in Fig. 25, this movement over the 

45 jaws 118 cams the jaws 118 closed causing the 
raised portions 120 of the jaws 118 to form the clip 
42 therein. The flexibility of the jaws 118 prevents 
trauma to tissue in which the clip 42 is being 
applied by not further forming the clip 42 or dam- 
so aging tissue once the clip 42 has been formed. 
This trauma is prevented by the jaw arms 149 
which absorb the overstroke and deflect once the 
clip 42 has been fully formed and the jaws 118 are 
closed, but the channel assembly is still advancing. 

55 As the handles 101, 103 open, the formed clip 42 
is released from the jaws 118, and the pusher bar 
134 is advanced distally to advance the next clip 
42_ to the jaws 118. The clip is retained in the 
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jaws by the raised portions 120 and arcuate portion 
135. The clips are urged forward as a group, and 
are held from being forced back in a proximal 
direction by each other in conjunction with pusher 
bar 134. The clip indicator 136 may be viewed 
through the window 123 on the clip cover 122 to 
display approximately how many clips in series 
158 are left in the device 100. 

Turning to the embodiment shown in Fig. 26, 
there is illustrated an endoscopic clip applier for 
the application of microclips in an endoscopic or 
laparoscopic surgical procedure. Heretofore, al- 
though prior art devices have been developed for 
the application of surgical clips in endoscopic sur- 
gical procedures, it has not been possible to store 
multiple clips and individually apply microclips 
(without individually loading each clip) during such 
procedures due to the minute size of the clips and 
the correspondingly small size of the components 
of the clip applier. The device of Fig. 26 provides 
such a microclip applier, particularly suited for en- 
doscopic and laparoscopic microsurgical proce- 
dures. 

Referring to Figs. 26 and 27, instrument 400 is 
provided which includes endoscopic body portion 
402 for accessing remote surgical sites in en- 
doscopic or laparoscopic surgical procedures. In- 
strument 400 is substantially identical to instrument 
100 as described above with reference to Figs. 16- 
25, except for the elongated portion defined by 
endoscopic body portion 402 and the elongation of 
the channel 172 and rod 142 disposed therein. As 
seen in Fig. 27, endoscopic body portion 402 in- 
cludes top tube portion 404 and bottom tube por- 
tion 406, which substantially enclose the clip apply- 
ing mechanism which includes channel assembly 
126, jaw assembly 114, series of clips 158, pusher 
bar 134, indicator 136 and clip cover 122. Bottom 
tube 406 includes keyway post 185b which passes 
through slot 251b in channel assembly 126, and is 
matingly engaged in a secure manner in slot 250 to 
permit longitudinal movement of channel assembly 
126 while preventing longitudinal movement of jaw 
assembly 114. This permits channel assembly 126 
to move to crimp a clip positioned in jaws 118. As 
explained with reference to Fig. 22a above, slot 
251b is wider and longer than post 185b and slot 
250 in jaw assembly 114. With reference to Figs. 
27 and 22a, slot 250a engages post 185a in knob 
138 to secure the endoscopic body portion 402 to 
knob 138 to facilitate rotation of body portion 402. 

A seal device such as O-ring 408 is provided 
and is positioned within endoscopic body portion 
402 substantially enclosing the assembly formed 
by clip cover 122, series of clips 158, pusher bar 
134, jaw assembly 114 and channel assembly 126. 
O-ring 408 substantially surrounds these compo- 
nents and is wedged between top tube portion 404 



and bottom tube portion 406 to prevent the leakage 
of gas through the instrument during the en- 
doscopic surgical procedure. 

Typically, in an endoscopic surgical procedure, 

5 the cavity is insufflated with gas such as carbon 
dioxide to inflate the cavity to permit the surgeon to 
access the surgical objective without interference 
from adjacent tissue and organs. Accordingly, it is 
desirable to provide some sort of seal means in the 

10 endoscopic portion of the instrumentation to pre- 
vent the inadvertent leakage of the insufflation gas 
through the instrument itself. O-ring 408 is shown 
for illustration purposes only, and it is contem- 
plated that any suitable seal mechanism may be 

15 provided within endoscopic body portion 402. 

Fig. 28 illustrates the present instrument in use 
during an endoscopic surgical procedure. Alter the 
body cavity is insufflated, a trocar assembly is 
utilized to puncture the body wall 414 to provide 

20 access for the surgical instrumentation to perform 
the endoscopic or laparoscopic surgical procedure. 
Alter the trocar assembly is put in place, the instru- 
ment is inserted through trocar housing 410 and 
trocar cannula 412 and exits the trocar assembly 

25 adjacent the surgical site. In the illustration shown 
in Fig. 28, a pair of severed vessels, typically a 
blood vessel, are to be rejoined. The vessels are 
placed adjacent each other and their ends everted 
by the surgeon using instrumentation suited for this 

30 purpose. Once the everted ends 420 are placed 
adjacent each other, the instrument is utilized to 
apply clips 42 about the circumference of the ever- 
ted vessels to join them together. The surgeon will 
apply as many clips as necessary to rejoin the 

35 severed vessels 416 and 418. 

Figs. 29 and 30 illustrate the present invention 
in operation. Fig. 29 illustrates the instrument in the 
at rest condition where the jaw assembly 114 is 
positioned adjacent a pair of vessels 416 and 418 

40 to be joined. The everted ends 420 are placed side 
by side and the jaw assembly positioned over the 
everted ends to apply the microclip. As seen in 
Fig. 29, handles 101, 103 are in their at rest con- 
dition where pins 108 are at the distalmost position 

45 in slots 156 of forming cam 154. The distal end of 
forming cam 154, namely arms 155, engage the 
cutouts 196 and link 144, which is further con- 
nected as described above to channel assembly 
126 at slot 164. Rod 142 passes through link 144 

so beneath forming cam 154 and engages guide block 
146 at its proximal end and indicator 136 at its 
distal end to urge the series of clip 158 in a distal 
direction. 

In order to crimp a clip 42 positioned in the 
55 jaws 118, handles 101, 103 are closed in the direc- 
tion of arrow "A" as indicated in Fig. 30. As the 
handles are closed, pins 108 ride in cam slots 156 
of forming cam 154 to move forming cam 154 in 
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the distal direction. As this occurs, link 144 is 
moved in a distal direction which consequently 
moves channel assembly 126 in the distal direction 
as indicated by arrow "B". As channel assembly 
126 moves in the distal direction, the distal end of 
channel assembly 126 engages camming surfaces 
124 of jaws 118 to cam the jaws closed and crimp 
the clip 42 positioned therebetween. When handles 
101, 103 are released, spring 107 (as shown in Fig. 
27) returns the instrument to the position shown in 
Fig. 29. 

The claims which follow identify embodiments 
of the invention additional to those described in 
detail above. 

Claims 

1- An apparatus for applying vascular surgical 
clips in vascular surgical procedures compris- 
ing: 

- a handle portion: 

- an elongate body portion extending from 
said handle portion: 

- a pair of jaw members extending from 
said body portion at an end opposite 
said handle portion and movable be- 
tween an open position for receiving a 
clip and a closed position for forming a 
clip in response to movement of said 
handle portion, said open position defin- 
ing a a gap between said jaw members; 

- a plurality of clips disposed within said 
body portion; 

- advancing means for advancing said plu- 
rality of clips to urge a clip into said jaw 
members; and 

- a camming mechanism associated with 
said body portion for camming said jaw 
members from said open position to said 
closed position; 

- wherein said pusher bar member urges 
said plurality of clips such that each clip 
in said plurality is contacted by at least 
one other clip, said pusher bar member 
and said clips cooperating to urge a dis- 
talmost one of said clips between said 
jaw members. 

2. An apparatus for applying vascular surgical 
clips according to claim 1, further comprising 
retaining means disposed on said jaws for 
holding a clip in said jaws. 

3. An apparatus for applying vascular surgical 
clips according to claim 2, wherein said retain- 
ing means is complementary in shape and size 
to said clip received in said jaws. 



4. An apparatus for applying vascular surgical 
clips according to any of the preceding claims, 
wherein said jaws are disposed at an angle 
with respect to a longitudinal axis of said por- 

5 tion. 

5. An apparatus for applying vascular surgical 
clips according to claim 4, wherein said retain- 
ing means, said advancing means and said 

w angle of said jaws cooperate to urge a clip into 
said jaws and to prevent said clip from being 
advanced distally through said jaws. 

6. An apparatus for applying vascular surgical 
rs clips according to any of the preceding claims, 

wherein said handle portion includes a housing 
and a pair of handles pivotally connected to 
said housing and actuable in a tweezer like 
manner, each of said handles having a proxi- 
20 mal and a distal end and being pivotally moun- 

ted to said housing at said proximal ends. 

7. An apparatus for applying vascular surgical 
clips according to any of the preceding claims, 

25 further comprising first spring means connect- 

ed between said handles for biasing said cam- 
ming mechanism in a proximal direction; and 
second spring means biasing said advancing 
means in a distal direction to push a foremost 

30 clip from said clip holding means to a position 

between said jaws in response to opening of 
said handles. 

8. An apparatus for applying vascular surgical 
35 clips according to any of the preceding claims, 

further comprising rotation control means for 
effectuating rotation of said elongate body por- 
tion and said jaws with respect to said handle 
portion. 

40 

9. An apparatus for applying vascular surgical 
clips according to any of the preceding claims, 
wherein said jaws are integral with an elongate 
jaw assembly and said camming mechanism 

45 includes a channel enveloping the jaw assem- 

bly. 

10. An apparatus for applying vascular surgical 
clips according to claim 9, wherein the jaw 

so assembly includes a keyway slot which matin- 
gly engages a keyway post in said rotation 
control means, said keyway slot locking said 
jaw assembly against longitudinal movement 
but permitting rotation movement. 

55 

11. An apparatus for applying vascular surgical 
clips according to claim 10, wherein said chan- 
nel assembly includes an elongate slot which 
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slides over said keyway post to permit longitu- 
dinal movement. 

12. An apparatus for applying vascular surgical 
clips according to any of the preceding claims, 5 
wherein said elongated body portion is config- 
ured and dimensioned for insertion through a 
trocar cannula. 

13. An apparatus for applying vascular surgical 10 
clips according to claim 12, wherein said elon- 
gate portion is a tubular portion substantially 
enclosing said clips, said advancing means 

and said camming mechanism. 

75 

14. An apparatus for applying vascular surgical 
clips according to any one of the preceding 
claims, 

further comprising a seal to prevent passage of 
gas through the apparatus during an en- 20 
doscopic surgical procedure. 
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FIG. 14 
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FIG. 22a 
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